Background Aseptic loosening of the femoral stem remains a significant reason for revision in total hip arthroplasty (THA). Although stem fixation methods have changed over time, there is relatively little evidence supporting cemented or uncemented stems as more durable constructs. Questions/purposes We examined whether there was a difference in survival to revision between cemented and uncemented THA stems (1) for any reason; (2) for aseptic loosening or loosening related to wear/osteolysis; (3) based on patient age groupings (as a proxy for patient activity level); and (4) based on procedural timeframe groupings between cemented and uncemented stems. Methods A total of 6498 primary cemented and uncemented THAs were registered in our community total joint replacement registry between 1991 and 2011. Analysis was performed to compare age, sex, procedural timeframe, and diagnosis for both groups. Our primary outcome was revision of the stem component for aseptic loosening or loosening secondary to wear/osteolysis. Analyses were done using Wilcoxon rank sum tests, Pearson's chi-square tests, Kaplan Meier methods, and Cox regression. Results After adjusting for age, sex, primary diagnosis, and procedural timeframe as confounders, cemented femoral stem components were 1.63 times as likely as uncemented stems to be revised for any reason (p = 0.02) and 3.76 times as likely as uncemented stems to be revised for aseptic loosening or loosening related to wear/osteolysis (p \ 0.001). When grouped by age, specifically in regard to revisions for aseptic loosening or loosening related to wear/osteolysis, uncemented stems had lower cumulative revision rates in patients aged \ 70 years (p \ 0.001) compared with cemented stems. There was a trend away from cemented fixation in our registry, which shifted from over 80% cemented stem use in 1996 to 3% in 2011.
Introduction
Approximately 200,000 people undergo THA each year in the United States [21] and that number is projected to increase in the next few decades to more than 500,000 in 2030 [19, 20] . The Charnley low friction arthroplasty developed in 1962 is still widely considered the gold standard for cemented femoral stems with excellent survival in long-term followup [3, 5, 30, 33] .
However, some cemented femoral stems had a roughened surface texture, whereas others had a poly(methylmethacrylate) precoating and were associated with high revision rates secondary to osteolysis and aseptic loosening [6, 23, 31, 32] . In comparison to ingrowth stems, cemented stems may be more technically demanding and require more operative time and may result in increased marrow pressure and embolic phenomena unless special techniques are used to vent the pressure [11, 26, 28] , although this has been contested [18] .
Uncemented stems have generally demonstrated excellent survival rates [1, 7] with revisions, when required, usually being caused by aseptic loosening or osteolysis [12] . However, uncemented femoral stems with noncircumferential porous coating and designs coupled with inferior ultrahigh-molecular-weight polyethylene manufacturing or sterilization methods have been complicated by high rates revision resulting from osteolysis, loosening, and failure of bony ingrowth [8, 21, 29] . Iatrogenic fracture [2] , thigh pain [25] , and subsidence [4, 24] also occur more frequently in uncemented stems.
Surgeon preference for fixation technique of the femoral component in THA and the factors influencing that choice have evolved over time. There have been relatively few registry studies that have examined stem revision rates of cemented and uncemented femoral stems resulting from aseptic loosening or loosening related to wear/osteolysis [10, 15, 17, 22] , and these do not necessarily reflect the changing practice patterns of North American community orthopaedists over time. We therefore compared the survival of cemented versus uncemented femoral components in a community-based total joint registry.
Specifically, we examined whether there was a difference in survival to revision (1) for any reason; (2) for aseptic loosening, wear, or osteolysis; (3) based on patient age groupings (as a proxy for patient activity level); and (4) based on procedural timeframe groupings between cemented and uncemented stems.
Patients and Methods
The HealthEast Joint Registry (HEJR) is a total joint registry that tracks hip and knee arthroplasties performed by 77 surgeons at five community hospitals in the St Paul, MN, USA, metropolitan area. Information on 6498 hip arthroplasties was collected in the HEJR between September 1, 1991, and September 30, 2011. Details of the data collection methods and application of statistical analyses in the HEJR have been previously reported [13] .
All cemented and uncemented THAs were considered for inclusion (n = 6498). Constructs with recalled acetabular implants (DePuy ASR TM , DePuy, Warsaw, IN, USA; Sulzer InterOp TM , Zimmer, Warsaw, IN, USA) were included (n = 193); 4319 uncemented THAs and 2179 cemented THAs thus made up the study population. The constructs with recalled acetabular implants were included because the recalls were for the acetabular components, not the stems, and in no case was the failure of these acetabular component implicated in a stem failure.
Of the 6498 THAs included, 57% were female, the mean age was 65.4 years (range, 14-97 years), and the minimum followup was 0 years (mean, 6.5 years; range, 0-18.3 years). The minimum followup was selected based on registry standards for cumulative revision rate analysis and to capture early failures including iatrogenic fractures. There were 135 stems that were revised, 64 uncemented THAs and 71 cemented THAs. Our outcomes of interest included stem revision for any reason (wear/osteolysis, aseptic loosening, periprosthetic fracture, infection, dislocation, failure of bone ingrowth, mechanical failure/breakage, instability, unexplained pain, or other) and stem revision for the combined reasons of aseptic loosening or loosening related to wear/osteolysis.
There was no significant difference in primary diagnosis between the uncemented and cemented groups; patients with osteoarthritis comprised approximately 90% of each group. Patients with uncemented stems were younger, were more often male, were more often implanted in recent years, and had a shorter followup ( Table 1) .
Uncemented and cemented THAs were compared using Wilcoxon rank sum test for continuous variables (age and followup) and the Pearson's chi-square test for categorical variables (sex, age categories, procedural timeframe, and primary diagnosis). Cumulative revision rates (CRRs) were calculated using the Kaplan-Meier survival method and were compared using the log-rank test. There were 1814 cemented stems and 2383 uncemented stems available for analysis at 5 years and 625 cemented stems and 303 uncemented at the 15-year interval. To determine the effect of age and procedural timeframe, CRRs for uncemented and cemented stems were created for each age group (\ 55, 55-70, C 70 years of age) and each timeframe (1991-1998, 1999-2004, 2005-2011) . This was done in an effort to account for the evolution in bearing surface technology and polyethylene sterilization methods that might contribute to disparate rates of osteolysis and associated stem loosening over 20 years. Hazard ratios (relative risk of revision) were calculated using Cox proportional hazards regression and all variables mentioned previously were considered for potential confounding. Sex, age categories, primary diagnosis, and procedural timeframe categories were adjusted for in the Cox proportional hazards regression models.
Results
When all reasons for stem revision were included, uncemented and cemented stems showed similar cumulative revision rates (3.8%; 95% confidence interval [CI], 2.3%-4.9% versus 4.9%; 95% CI, 3.5%-6.3%, p = 0.09). However, after adjusting for confounders (sex, age categories, sex, primary diagnosis, and procedural timeframe), cemented femoral stem components were 1.63 (95% CI, 1.08-2.46) times as likely as uncemented stems to be revised for any reason (p = 0.02 ( Table 2) .
When compared with respect to revisions performed specifically for aseptic loosening or loosening related to wear/osteolysis, uncemented stems showed better survival with a lower CRR (1.6%; 95% CI, 0.5%-2.8% versus 3.8%; 95% CI, 2.5%-5.0%; p \ 0.001; Fig. 1 proportional hazards regression model showed that cemented THAs were 3.76 (95% CI, 2.01-7.06) times as likely as uncemented THAs (p \ 0.001) to have a stem revision for aseptic loosening or loosening related to wear/osteolysis after adjustment for age categories, sex, primary diagnosis, and procedural timeframe. Thirteen stems (seven cemented and six uncemented) were used in more than 100 cases with one uncemented stem (Secure-Fit1; Stryker, Kalamazoo, MI, USA) and one cemented stem (Perfecta1; Wright Medical, Arlington, TN, USA) demonstrating higher than expected cumulative revision rates (Table 3) .
). A Cox
Patients \ 55 years of age with uncemented stems had fewer stem revisions performed specifically as a result of aseptic loosening or loosening related to wear/osteolysis than patients with cemented stems (CRR 2.8%; 95% CI, 0%-5.9% versus 9.4%; 95% CI, 3.5%-15.2%; p \ 0.001). Patients aged 55 to 70 years with uncemented stems had fewer revisions performed for all reasons (CRR 2.4%; 95% CI, 1.0%-3.8% versus 7.7%; 95% CI, 4.6%-10.7%; p = 0.001) and particularly for the aseptic loosening categories than patients with cemented stems (CRR 1.4%; 95% CI, 0.1%-2.7% versus 6.0%; 95% CI, 3.1%-8.9%; p \ 0.001). When all reasons for stem revision were included, survival to revision based on patient age groupings between cemented and uncemented stems showed that patients \ 55 years old with uncemented stems had no difference in CRRs than those with cemented stems (CRR 7.0%; 95% CI, 2.9%-11.0% versus 9.4%; 95% CI, 3.5%-15.2%; p = 0.09). For patients [ 70 years old, uncemented and cemented stems had similar cumulative revision rates for all reasons (1.4%; 95% CI, 0.4%-2.4% versus 2.5%; 95% CI, 1.4%-3.5%; p = 0.62) and specifically for the aseptic loosening categories (0.1%; 95% CI, 0%-2.9% versus 1.6%; 95% CI, 0.7%-2.4%; p = 0.06).
From 1991 to 2011, 6498 THAs were performed and recorded in the HEJR with nearly twice as many uncemented as cemented femoral stems implanted. From 1991 to 1998, a greater number of cemented stems were implanted (1079 cemented versus 513 uncemented) followed by a major shift toward uncemented implants between 1999 and the present (3806 uncemented versus 1100 cemented; Fig. 2 ). When implants were grouped into procedural timeframes and all reasons for stem revision were included, uncemented and cemented stems did not show a difference in cumulative revision rates for 1991 to 1998 (CRR 4.9%; 95% CI, 2.8%-6.9% versus 5.6%; 95% CI, 4.0%-7.3%; p = 0.52), 1999 to 2004 (CRR 1.8%; 95% CI, 0.7%-3.0% versus 3.1%; 95% CI, 1.8%-4.4%; p = 0.13), or 2005 to 2011 (CRR 2.6%; 95% CI, 0.3%-4.8% versus 0.3%; 95% CI, 0%-1.0%; p = 0.16). Revisions for aseptic loosening or loosening related to wear/osteolysis, however, were lower for uncemented stems placed during the timeframe 1999 to 2004 (CRR 0.2%; 95% CI, 0.0%-0.5% versus 2.5%; 95% CI, 1.3%-3.7%; p \ 0.001) but not for 1991 to 1998 (CRR 3.1%; 95% CI, 1.4%-4.7% versus 4.1%; 95% CI, 2.6%-5.5%; p = 0.41) or 2005 to 2011 (CRR 0.04%; 95% CI, 0%-0.1% versus 0%; p = 0.73).
Discussion
The decision on the part of the surgeon to use a cemented or uncemented stem is driven by numerous factors, yet (1991-1998, 1999-2004, 2005-2011) , and diagnosis (osteoarthritis, aseptic necrosis, other); CI = confidence interval. during this time period most North American surgeons have used uncemented stems in greater numbers. We specifically chose to look at CRRs for cemented versus uncemented femoral stems for any reason and the specific indications of aseptic loosening and loosening related to wear/osteolysis to ascertain whether the transition to cementless stems was supported by lower revision rates in a community joint registry. The registry provides a unique glimpse into the community practice of arthroplasty, distinct from academic centers or larger national registries, which would allow us to answer this question as well as those related to patient age groupings and procedural timeframes. Any joint registry study has inherent limitations. First, revision is a relatively crude outcome measure. We did not identify patients who may have been too medically infirm to undergo a revision procedure or who declined revision surgery despite a poor primary arthroplasty result. Additionally, the possibility exists that patients may have had revision surgery performed elsewhere, which would not be included in our study. We assumed these events occurred equally between the uncemented and cemented THA groups. Prior analysis of our registry suggests a 94% capture rate with only 6% of patients undergoing revision outside our capture [13] , similar to the Scandinavian registries. The uncemented group had a higher percentage of young male patients, which increases revision risk, but shorter followup times resulting from the higher percentage performed in more recent timeframes. The CRR analyses and our regression model accounted for these differences. Finally, we made no attempt to account for the wide variety of bearing surfaces, polyethylene component thickness or shelf life, or sterilization methods that might contribute to wear and oxidative degradation of the polyethylene and, hence, osteolysis and subsequent stem failure. However, we did analyze stem survival in different timeframes to examine this potential effect. We also cannot account for different surgeons' varying indications for when to use a cemented versus cementless stem, which might introduce selection bias that could influence these results. Despite these limitations, our registry offers a broad portrayal of modern total joint practice in a community setting.
We found that when all reasons for stem revision were considered, uncemented and cemented stems had comparable CRRs, but when age, sex, primary diagnosis, and procedural timeframe were included as confounders, cemented stems were at greater risk of revision. A 2010 study of the Swedish Hip Arthroplasty Register looking at revision-free component survival of THAs reported uncemented stems had a lower risk of stem revision for any reason [15] . However, the same registry reported in 2009 that uncemented prostheses underwent more revisions for periprosthetic fractures and intraoperative technical problems, whereas cemented prostheses had higher revision rates for loosening [12] . The 2011 report from the National Joint Registry for England and Wales found cemented THAs (cemented cup + cemented stem) to have lower revision rates with approximately half as many revisions at 7 years as uncemented THAs in patients younger than age 70 years. They suggest careful interpretation of these results, because patients in their registry with cemented THAs were more likely to be female, older, and in worse health than patients with uncemented THAs. Additionally, the relatively shortterm followup of their study may underestimate any potential advantage of uncemented stems with respect to loosening. The authors did recommend all-cemented THA in patients older than age 70 years as a result of clear superiority in survivorship [27] . The Australian Orthopaedic Association National Joint Replacement Registry report from 2011, which also did not look specifically at stems, found hybrid THAs (uncemented cup + cemented stem) to have a lower CRR at 10 years than uncemented THAs (uncemented cups + uncemented stem) [14] . Importantly, the heterogeneity in the variables examined as well as some notable recalled design failures among uncemented THAs make the current registry data difficult to interpret. Overall, there does not appear to be compelling evidence in recent registry reports, including this one, to support the use of either cemented or cementless stems when all revision reasons are considered in the setting of stem failures alone.
Considering stem revisions performed specifically for aseptic loosening, wear, or osteolysis, our study found uncemented femoral stems to have less than half the CRR of cemented stems, mirroring other findings in the literature. In 2008 the Finnish Arthoplasty Register reviewed 50,968 primary THAs and found uncemented stems to have fewer revisions resulting from aseptic loosening than cemented stems at 10 and 15 years of followup [22] . A randomized controlled trial by Corten et al. [7] in 2011 likewise found cemented stems to have a 2.3 times increased risk of aseptic femoral stem revision (p = 0.002) at minimum 17-year followup. As noted earlier, this may reflect improvement in bearing surface longevity and decreased wear debris generation during the same timeframe as the increased use of uncemented stems.
Younger age has been associated with an increased risk of stem revision surgery in THA. In our study, patients \ 70 years old with uncemented stems had significantly fewer revisions performed as a result of loosening, wear, or osteolysis than cemented stems. The Finnish Arthroplasty Register reported 0.5 times the risk for revision (95% CI, 0.3-0.7; p \ 0.001) of extensively porous-coated stems compared with cemented stems for patients B 55 years old [10] . Emerson et al. [9] retrospectively reviewed 180 THAs and found that although uncemented stems were implanted into a much younger, and presumably more active, cohort, these stems had 100% survival, compared with 84% survival of cemented stems, at 10 years of followup (p = 0.005). An analysis of the Norwegian registry looked at specific cementless designs compared with cemented stems. The authors found patients \ 60 years with cemented stems to have a 6.8x greater risk (95% CI, 16-41; p \ 0.001) for revision compared with hyaluronate acid-coated stems [16] .
When looking at procedural timeframes in an attempt to account for some of the variation in bearing surfaces, the only significant difference in CRR was seen during 1999 to 2004, when uncemented stems had significantly fewer revisions for aseptic loosening or loosening associated with wear/osteolysis. Our lack of disparity in revision rates for the earlier time period, 1991 to 1998, might be attributed to problems associated with early uncemented stem designs such as a lack of circumferential coating, particularly when used with thin polyethylene liners [8, 16, 21, 29] . Our inability to show a significant difference in the CRR between uncemented and cemented designs in the most recent timeframe may reflect a diminished use of cemented stems in all but the most elderly and inactive patients, the increasing use of alternative bearing surfaces or less invasive approaches with uncemented designs, or some combination of these and other unexplored factors. The transition from cemented to uncemented femoral stems in North America is echoed in our registry with over 80% cemented stems inserted in 1996 contrasted to 3% in 2011. The reasons behind this change in practice are likely multifactorial.
In the setting of a 20-year community joint registry, we found comparable CRRs between cemented and uncemented stems when all reasons for revision were considered. When the focus was stem revisions performed specifically for aseptic loosening or loosening related to wear/osteolysis, uncemented stems demonstrated better survival in patients B 70 years old. However, with a mean length of followup of only 6.5 years in the uncemented group, longer followup of this cohort in particular will be necessary to validate the results over time.
